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RLPLMATICN AND PROPLRTAES Or' COVINS, MONKEY, AND RAT GHOWTH JOKHOMAS

#ollowing .1 the translution of an article b
vhulkeva and Ve Ue Orekhovich, lastitute of Jiological
ond siccical 3cience, AUN, usSR, 108cow, »ublisiicd in
thac Rusrinu-longuage periodical Biokhimive (sicchome
istry), Vol 32, o 1, 1967. It was submitted on

27 vee 1965, 7

y T. }010

o+t is knovm that growth hormonos, iaolated firom the pltultnry
ol widivrent specles of animals, dilfer in their chomicul comgo-
cition and in their physico-chemlcal, Lamnological, and biological
aroocriles -5/, and the hormones of Primates dilfcr cspecially
rharply Irom tho somatotropins of other spocics of animals.

an tiie present articlc data are ygiven which relzte to nethods
cif preparation of somatotroplc hormones from a bull, rot, and srcen
“arnccet, and their comparative physlco-chemical and biological
canragtaristics are given, '

dlethod

Tle growth hormonsa was obtained froum the pltuitary of a Lull
oy the rxctaod of YWillhielmi » and then subjected to gel filtratlion
ta 2 colun of Sephadex G-100 at 0-4°, 200 mg of the resulsl

iving
cryrtnlline preparation of bovine ITG was diluted in 1 nd ou Q01 .
necbic acid and placed on a column (3 x 75 cm) of Sephadex G-100

vlich was equilabrated with 0.l il acetic acid, s'ractions of S5 nl
coch vrere clubed from the ¢olumn, Growth normoncs Jrom the ritul-
vnry ol ths green maroset and rat were obteincd in the ollowing
irianers / Translatorts note. Jrobable definition of the Russion

agronym SUG is somatotropnyy gormon or comatotropic hormens. 7/

20 g ol quickefrozoen pitultary was honogenized in a glass
uotivgInizere in a solublon of Ca(Viljn, P 7.0-7.2 and the lLicucienate
won vabractow with 200 ml of thias s6lution in the cold viile wiing
marea Jor 2T Lourse The oxtract was acparated Ly contrifuging and
tus _racipibate was rinsed with 100 wl of a $a(Cll), solution.
arn o .uld 'amcunt of a saturated s olutlon of (Fly)eS04 was added to
e cupernatany liquid. Precipitation with ammoniwa sulfote was
carrizd out in the cold with mizxing for an hour. The preciplints
wes collected by contrifugatlion, dissolved in 200 1l of aistillca
veter, and dialyzed against distilled woter for 46 nourse. The ..
va The solution vias brought to 4,0 vrith tihe help of 1 n 40l and
tun roruliing preclpitate was ceontrifugede. Tiw pil of the super-
natant liquid was brought.to 5.5 with the help of 1 n dadH and the
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;rhoi itete wag contrifugede 4in the supernatant liquid the wuount
oL roteln was aetermined and the concentration of protoin in toc
solution waa orought to 0.2w. & 50% solution of cthanol u; ts an
ana coucentration of aleohol of 5. was slowly added to the sa¢lutlon
wvitdle Lalng ctirred. Tue proolpltate was centriflupea and o 50,
svlutlon of cthanol uy to an end conceniration of 25w vias added

to the gupernatant liquid during rapid stirring. Thc precicitote
wag collected by centrifugation, diluted in distillea watse,

Vil 740, and lyophilisced,

Thce resulting preparations were subjected to yel filtraticn in
the uold on a column (2 x 50 c¢m) of Sephadex u-lOO, bqull"rdtbd
with 0.1 i acetic aclds &0 mg of protcin, diluted in 1 ml of
0.1 il acetic acid, was placed in the column and fracticns ol H 1l
worc collcoted,

slectrophoreslic was carrisd out in starch el by the 'ctuuﬂ
of bnmitis in & rnulik buifer system /7/ (for the gol: 0.0%5 . of
tris~buasior, 0.005 i citric acidé for electrode vessels: 0.3 w
boric acid and 0,06 n NaQll) at 4~ [or 4 hours at a voltuge of
22 V/on.

Scdimentation coefficicent of the somatotropins was determincd
in a [hitachl analytic ultracentrifuge. Sxperiments were conducted
Lor 1.5 hours at a velocity of 59,780 rpm in Q.1 . borate buifer,
DIl 0.83; concentration of protein was 0.8y,

bisfusion coeificlent was determined with the nelp of a ;,inko &
analyjtic ultracentrifuge in a osll for the artificlial Jormation ol o
ooandarv at a velocity of 12,590 rpm for 2 hours in 0.1 .« borate
buflfer, pH 9.93, with a concentration of protein of 0.85. &alcu-
lation of the value ol the dilfusion coefficient was cuarricd ocut
vy the method of arca and maximum ordinate. i

w \lo express our thanks to . D. idorozkin for carrying outi ihe
experiments on analytic ultracontrifugation.

i~ ana U=~terminal amino aclds of bovins, rat, and monkcey poowth
orrmones were detormined by the dinitrofluorobenzone and carboxyl-
peptiiase metuod /87,

.waino acid analysis of the precarations was conducted vy tle
rethod ol Soackman and associates in & Khitachl amino acid
analyzor,

vamples we: » agdrolyzed in 6 n HC1 In vecuum=sealod ampoul.s
Lo 24 aours at 110 Tryptophan was determined spectrophotomctrically
JT¢7. Cystinc was determinod after oxidation of the iormone with
soriormic acld /117,

2
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T lmrainological resction of somatotropins of bulls, WAMEGY o,
“nd rats with rabLit antiscrum to human growtha hormonc # Wad SArricu
e uo the method of Ouchterlony in a thin layer ol agar o0l /J17/.

v (&) O

. Labbiit suatlseram to human growth hormone wus obtainod by we onle
holninyy at tiwe instituteo of sxperimental ondocrinolegy, £l ULSR,
WSSOV e

Tae biolo_lcal activity ol the preparations was detecrminod oy
the tivial tess /137 and vy a method, hased on wmccsurcment ol tue
iotonsity of incorperation ol radioactive proline in collagen ol
the swin of hypophvsoctomized rats /14/.

sermle white rets weighing 70-30 g were hypoohysectomized

L7 othe peragiaryngeoal method under cther anesthesia. after 12-14
cays aftcr the operation the hypopaysectomized rats recelved daily
Jor 4 Jays 10 microprams of growti hormone. 24 Lours arte:l he
5% injcetion of STG the ruts recelved intraperitonsally G~ =nrolinc
on the basis ol 2.5 iicrocuries pcr 100 g of = imal woighi. lter
o4 Lioure the rats werce sacrificed, the tibial bonc was oxtracted,
snd 1L was oplit inbo sagittal plates and stainod with 2 4,10 .
vsing a calibrated ayopiece, the width of the ncncalcified cection
of eplipghyseal cartilags was incasured.

T results of Lesting were subjected to statlstical treatment

S
according to Styudent.
Reaults of the investipation

by 8l filtration of somatotropins througa cenundex 4~-100 th
e arations were soparated into two [ractions, of wiich only onc
" cstussed cormene activity (figures 1 and R)e  CQui ou 200 g ol
bull oiu 80 mg of protoin was obtained walch possesscd wviolougical
sotivity: oul of 30 ny of the ethanol fraction os rat and meonley
oDe 30 g ol sctive proparation wore obtained Irom cacil.

vuring cloetrophoresis ol the unormones in starch gel one cconm-
sonont was revealad (¥igure o). This testified to tae homogcneity
of the preparations ewialined. womatotropic hormoncs lrom tie
syeotiyais ol rata and monkeys nave 4 c.allur cloctrophorctic
".2.1.1 ;ty .

ouring uloracentrldugntion ol tho preparations one sjanctrical
_wni was revenlad with a scdimentation coefficicent o4 3,008 foxr
vull TG, 2.350 ror monkey uiu, &nu 2,25 [or rat oid.

in cider tn evaluate the moleculur welghts ou tac aoricncs
™y

Lvogeincnts wore set up for determining the diflusion coclllcients.
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Jdore the followin, data were obfalned: dilfusion cocilig
bull JIG was cqua* $o "50 » 107/, monkey 3TG - 6.9 * 1U™¢, ana uJor
rat Siu = 7.0 ° cm?/s.
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fige le uel {iltration of yrowth Filge 2. wwel liltration oo guowth
aormone frow & Lull through Scpha- lormone lrow monkeys aru ratc

d0x u=1C0. The arrows show the through oophadex G4=100. 1 ~ S0
active fractlion taken for the of monkecy; 2 = ol ratne. ~urovs
invostization. (a) - fractions. siiow the active {raction taln

Lor investigntiouw. (2; - Jeetious,

v thie basis ol aata from sedimentation and diffusion, ..wlecu-

lur welgits wern leteidniu Lun u.-‘#m'th avimone of wulls (15,475,
eieuh mrmosot (30,000), and the growtu hormonc ol rats (27,300,
w5 8 rasuli of nesslble orrors waen using tae above nwtlod Jor ue-
tonadnding tho diffusion coelliclent, the valucs ou molcoular Ve diges
402 rai andg marmoset S1G snould be viewed as urelim;nary busirg

toomination of molecular wolght we dotectoa siniticant aifforances
Lop monkcy STue decordlng teo the data ol Ti 7 tho nvlcoular
veight of STG lrow Rhesus mon’ubo cquals °R,4 O° accordin, bt cur
data tiw molooular welght ol growih Lormonc [or the M;"ount Shalls
0,000,

pinitrolluorobenzene and carboxylpeptldass otiious wure uus I
Jor uweturmiring - and C-torminal aniwo aclids i the commbtotadpini.
wourth Lormvnes ol rats and groon marriosets coatain )uﬁuv*s]u\L,U
s the w= and C-terminal aminc acide woovine somatotrepnin aus twe
deteimainel aminc acids (ohenylalanine and alanine) and cnc C-t:“m;uwl
a:unc nsld (chenylalunino)e

Taug the growth hormones ol rats and greon warmusdts ure siudler

1.
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vTu Lrom rats and monkoys Lave o

Jroperitice oand wre different loow

losena

culoeulue uaghiv, & wwore acid iscelectric polind [f.;, 1_7, ana Lnly
vt a=teawinal radical (pnonylalunine).
[ '{fc'map/rr Ca,)
! - . o ‘
. rr.
I " +AA
!
e o +0 B
P ' .
i-' "." . ~+c.a
iige De loctrophorscis ol Jrowth uormenes ol bulls, aonlers, and
»ots i siarch gule o= bovine DTG w o= monkey and U= rate
oyt o) cuart,.
Taule L
Lmlao acid cogosition ol provwta asimones of wullrs, nwonino, ocad roato
@ B @ OGeanana (c ) K pracnt
Assoxncaot 2/100 2 Knansectus 2/100 & Komwest 2/100 o] Koauscey
Gen /) OCTATKOB/ MDie AKA OCTATHOB/ A0S xa | ocratxos, Mo.de
of Jluzug 746 | 25 | 23*| 5,65 | 12 12%] 6,96 12 | f1°**
Fuctnaun 2,08 , 8 7 1,9 4 5 1,08 3 3
< Aprunnu 8,00 | 2 2% | 6,9 13 | 13 | 6.34] 10 | 9
o/, Acnaparunosan xucaora | 10,67 40 35 10,15 25 26 8,88) 18 |17
4 Tpeonin. 4,00 1 22 [ 26 | 4201 12 ] 13 3,7 8|8
£ Cepin 4,83 | 23 | 22 | 6,8 19 .0 20 | 5.04) 12 |12
# Taiotamunosan kncaors | 43,23 47 S0 | 13,36 | 30 33 (41,071 20 |24
 Dponnn 3,51 14 | 492 [ 14 | 10 | 4,6 | 11 | 9
o Tmiumn 3,3 “) 20 4,14 10 15 3,791 12 |11
7 Anavuy 534 | 30 | 3t 3,8 | 14 | 11 | 3,01 11 |14
£ Lincriy 1,92 4 4§ | 2.8 4 4 | 1,72 21| 2
r Banuu 2,8 12 | 14 5,74 | 16 9 | 5611 13 | 9
£ MetHounu 2,08 7 7 1,87 4 6 1,79 4 3
X VsoneRunn 2,82 u’ {-6 3.3 | 104 (4] 3067 8| 7
AJleiunn 15,08 | o 110,77 | a7 11 22 |18
A~Tupoaux 4,34 12 11 5,73 10 7 3.62 6 5
W enuaana iy 4,81 27 27 6,0 12 16 5,83 9 1]
wTpuarodan - 1,22 3 3 1.23 2 i 11,2 1 —
fo3,05 |30 | 306 |Too,02 AT | AT |O1,87 (182 |I0M
woy st ATy serano aclido; o (b) Sull; ((./) aon%eys () R..?“‘i?; _w/loo.’-’ Ca
Caun i ey wentlite of radlerle,/mole; (g Lysane; yuy oaasuiaaticg
(il ewganiie s W0y coparaginic aclid; (k) threonine; (1) curing;
VD) ulattaade Loid; (“x) drolino; (v ulycine;,( ) landney () SUevs o
(1 VelIng; Ty o b mmuu, \t) iccloucing; Leucine; (v 2yro Ll
v ...onvlam ‘-m, ) Trypstophan.
j % Datat frow Rolsiold /157,

ek
Dy

o ot fron Li
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Trdlo 1 gives the results of an amino acid analysis ol tag _[raine-
rations obtalinod by us, and also data from Li for bovine ond ...ocus
“Pu JTS7 and duta from Reisfeld for rat STG /IG/e it cun be scen
Lrowm Table 1 that rat and marmoset STG have @ Sinilar amiuo fcia
couposition, which differs significantly frowm the amino acid compo-
cition of bovine growth hormone. & predominance of dicarboxylic
amino acids and loucine is characteristic for the amino acid comjyo-
sitlon of all tho preparations. Certain deviatlons betweecn our
datc and the resulis obtained Dy other investigators may be ci-
Jlained most likely by tie diverse degree of purity of %tue prepa-
rations analysed.

During an immmnologlical linvostigation of the isolated growth
aormonos it was domonstrated that the antiserum to human STG inter-
actad only with marmoset somatotropine. llere the linc ol precipi-
tation, [lormed by the antiserum and green iarmoset 3TG was soncwhat
wealor than the line of precipitation, formed Ly antiserum and
awaslly STGe Consequently tho somatotropin of the green marmosct las
& similar, but not identical, antigenic structure with the surmrto-
trepin of wan.

Table 2
activity ol growth uormnoncs of bulls, monkeys, and rats buased on tie

tibial test and on tho incorpvoration of Cl4-proline in the sikin
collagen of hypophyscctomized rats.

@ B xaxaoM onuTe NCBOALIOBANO NO 6 MHBOTHEIX

T © ) ' )
Cholloac ol
£ Kowrpoas 15045 : 8% 2

Bux 2414 258+8° ' 152+12
Obennaua Bix 9 272x8° 15013
Kpaica 27+ 9 258x10° 187+ 8

Xoy: (a) 6 animals were used in each test; (b) ilormone, 40 microgrins
(total dose); {c) wWidth ol tibial cartilage, microns; (d) incor ora-
tion of proline in collagen, imp/min/5 mg ol protein; (e) Control;

(£) Bull; (g) iionkey; (H) Rat.

i# Date woroc obtained after administration of 100 micrograms {tctal
dose) of uormones.

AS can be seen from Table 2, the resulting preparations occess
a high cegrec of biological activity. Daily aduinistration of 10
micrograms of a preparation of bovine, monkey, and rat SIG to hypo-

6o
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;Qduug,omizcd rats causecd a considerablo increase in the width
ou’ ¢pa hyslial cartilage of the tibial bone and increased by 100;
tii2 latensity of incorporation of labeled proline in tho skin
ccllagun of hiypophysoctomizoed rats.

. Conclusions

urowth normones were obtained from bovine, groon marmoset, and
rat pitaitaries by varlouc wethods. Thoy were homogeneous based on
«iea aron ultroacentrifupgation and electrophoresic. Thas somatotro=-
~+ns Irom the groen marmosot and rats have a similar amino =clid
conposition; phenylalanine is the Ne and C-terminal amino 2cid of |
thene bormoncs. The olecular veight of rat and green uarmosct
SUG enuals rospoctively 27,000 and 30,000,

in spito ol significant differences la the physico-chemical
propurtics, proparations of bovine, moakey, and rat prowth Lormencs
cxert a similar biologlcal action on hypophysectomized rats. ()<§__,Q
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